and subordinate follicles at specific stages of development. Heifers were examined using transrectal ultrasonography each day until ovariectomy on day 3 (n = 8) and day 6 (n = 9) of wave 1, day 1 of wave 2 (n = 7), or after onset of pro-oestrus \m=ge\17 days after ovulation (n = 8) to obtain growing, early-static, late-static and regressing dominant follicles of wave 1, subordinate follicles, preselection follicles and preovulatory dominant follicles. Ultrasound images of the follicles were obtained in vitro and analysed using custom-developed computer algorithms. Mean pixel (picture element) values (grey-scale: black = 0, white = 255) for the follicle wall and stroma increased (P < 0.05) progressively from the growing to the regressing phases of the dominant follicle of wave 1. The antrum and wall of subordinate follicles had higher (P < 0.05) mean pixel values than that of the corresponding dominant follicles. Pixel heterogeneity (a measure of variation of grey-scale values of pixels) of images of the follicle antrum and wall increased (P < 0.05) progressively during the early-static to regressing phases. A progressive increase (P < 0.05) in the slope of the regression line of pixel values for the follicle wall was detected from the growing to the regressing phases of the dominant follicle of wave 1. The regression line of the wall of the preovulatory dominant follicle had the lowest (P < 0.05) slope. Oestradiol concentration in the follicular fluid decreased (P < 0.05) from the growing to the late-static phase, while a marked decrease (P < 0.05) in the androstenedione concentration was recorded between the growing and the early-static phases of the dominant follicle. Progesterone content did not increase until follicles were in the final stages of regression. Pixel heterogeneity of the antrum and wall, and the slope of the follicle wall regression line were negatively correlated (P < 0.001) with oestradiol and the oestradiol:progesterone ratio in follicular fluid. The results of this study support the hypothesis that echotexture characteristics of ultrasound images of the follicle antrum and wall are correlated with the functional and endocrine status of a follicle.
Introduction
The mature ovarian follicle is a complex structure composed of the granulosa and theca interna layers which co-operate in nutrition of the ovum and production of steroid hormones and numerous peptide factors. Earlier studies (Choudary et al, 1968) indicated that, at any given time during the oestrous cycle, 77% of bovine follicles are atretic and small follicles enter the final phase of growth continuously throughout the oestrous cycle. Steroid analysis of bovine follicular fluid indicates that a single large 'oestrogen-active', non-ovulatory follicle develops be¬ tween 3 and 7 days after oestrus (Ireland and Roche, 1983) . The growth and atresia of individual antral follicles have been monitored more critically using sequential ultrasonography, and it has been established that growth of follicles > 4 mm takes place in two or three waves during the oestrous cycle (Pierson and Ginther, 1986 , 1987a , 1988 Savio et al, 1988; Sirois and Fortune, 1988; Knopf et al, 1989; Ginther et al, 1989a, b) . During an anovulatory wave, the development of each follicle has been subdivided into growing (increasing diameter), static (no change in diameter) and regressing (de¬ creasing diameter) phases (Ginther et al, 1989b) . Consistent temporal relationships between follicle phases, wave dynamics and systemic gonadotrophin concentrations (Ginther et al, follicles to ovulate in response to prostaglandin-induced luteolysis (Kastelic et al, 1990; Savio et al, 1990; Fortune et al, 1991) , have led to the conclusion that follicle development is a well controlled, tightly co-ordinated phenomenon. Ultrasonographically classified phases have also been shown to be correlated closely with the ability of follicles to produce steroid and protein hormones (oestrogenprogesterone and oestradiol: androstenedione ratios, a-and dimeric-inhibin concentrations, IGF-binding proteins) indicative of follicular health (Badinga et al, 1992; Guilbault et al, 1993; Price et al, 1995; Carriere et al, 1996; Stewart et al, 1996; Sunderland et al, 1996) .
Grey-scale densitometry has been used for quantitative analysis in a number of different fields such as gel electrophore¬ sis, microspectrophotometry and immunohistochemistry (Sternberger and Sternberger, 1986; Fritz et al, 1989 Fritz et al, , 1992 Renucci et al, 1991; Ferrandi et al, 1993 (Knopf et al, 1989) . The day of wave emergence (day 0) was determined retrospectively and defined as the day on which the dominant follicle of a wave was first detected at a diameter of 4-5 mm (Ginther et al, 1989a; Adams and Pierson, 1995) . The dominant follicle was defined as the largest follicle of a wave, and subordinate follicles were defined as those that appeared to originate from the same pool of follicles (Ginther et al, 1989a; Knopf et al, 1989 
Wave 1 Follicles of: (7) (Fig. 6) 
Discussion
The results of the present study support the hypothesis that echotexture characteristics of high-resolution images of the follicle antrum and wall are correlated with the functional and endocrine status of the follicle. The unique design of the present study was intended to permit evaluation of follicles specifically with respect to status (pre-versus (Ginther et al, 1989a, b; Kastelic et al, 1990; Fortune et al, 1991; Ko et al, 1991; Adams et al, 1993a, b; Guilbault et al, 1993) . The emergence of a new wave (Adams et al, 1993a, b; Fortune, 1993) There are also structural differences between follicles of different status (Singh, 1997) and these differences correlate well with the echotexture analysis of the follicle wall. The preovulatory follicle had the thickest wall, the lowest cell density in the granulosa and theca layers, and the highest vascularity and oedema in the theca interna (Singh, 1997 
